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from NCEL) to install and program the SBEMCS. The installation of this system took less
than 2 weeks and energy savings started immediately. This report documents the
installation and evaluation of the SBEMCS installed at the Thompson Laboratory.
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INTRODUCTION

The Navy is investigating new ways to reduce energy consumption at
Navy Bases throughout the world. At the Naval Weapons Center, China
Lake, Calif., 75% energy savings were achieved at the Thompson Labora-
tory by installing a commercially available single building energy
monitoring control system (SBEMCS). Part of these savings was the
result of identifying other problem areas during the installation such
as broken ducting in the attic, stuck dampers, and faulty thermostats.
The enormous savings realized after the installation of the SBEMCS
resulted in a payback period of 6 months. Prior to this installation
the air handler units ran 24 hours a day, 365 days a year while the
boiler and chiller ran continuously during their seasonal operation.

It took the coordinated efforts of four people, two public works
engineers from the NWC and an engineer and a technician from NCEL, to
install and program the SBEMCS. The installation of this system took
less than 2 weeks and energy savings started immediately. This report

* documents the installation and evaluation of the SBEMCS installed at the
Thompson Laboratory. Results such as these can be achieved at most
facilities.

BACKGROUND

As a result of the energy crisis of 1973, energy conservation
targets were established for Navy shore activities. To meet these
targets, many large activities are considering the installation of
computerized energy monitoring and control systems (EMCS). These sys-
tems promise long term energy controls with limited manpower resources,

*but have the disadvantage of high initial costs and are primarily feas-
ible for large installations only. Smaller activities have the option
of utilizing single building EMCS (SBEMCS). (See Reference 1 for guide-
lines on the selection and implementation of SBEMCS.) These smaller
systems have the advantage of lower initial costs, and the ability to be
integrated into a larger EMCS network if one is to be installed at a

* later date.
The Naval Civil Engineering Laboratory (NCEL) has been furthering

the development of SBEMCS. Their first effort, an intelligent building
controller (ITC), was described in Reference 2. The original ITC vali-
dated the basic concepts of a SBEMCS, but unfortunately the unit was not
as reliable or maintainable as desired, and the decision was made to

0 replace the ITC with an NCEL assembled unit using single board computer
technology. The development, installation, and resultant performance of
this unit is described in Reference 3. Reference 4 documents the use of
one of the first commercially available SBEMCS, the Andover Controls
"Sunkeeper."*

0 *The selection of Andover Controls does not imply endorsement by the

government. Andover Controls is one of many different single building
controller manufacturers (see Reference 5) and may not be better or
worse than any other controller with similar characteristics.



Numerous manufacturers are presently supplying SBEMCS. The recent-
ly developed SBEMCS are very versatile and efficient energy management
systems. NCEL was tasked to buy, install, and evaluate at selected
sites two of the recently developed commercially available SBEMCS. NCEL
personnel then were to determine the capability of these systems in
assisting the Navy to meet the energy conservation targets. The Naval
Weapons Center (NWC) at China Lake, California, is the location where
the first SBEMCS was installed under this effort. The Trident Submarine
Base in Georgia is the next location where a SBEMCS is scheduled to be
installed. NWC, China Lake (a high desert location) and the Navy base
in Georgia (a high humidity area) were selected based on their different
temperature and humidity demands on the SBEMCS.

* DISCUSSION

NCEL and NWC, China Lake, in this joint effort selected Building
31433, tne Thomspon Laboratory, as the evaluation site. This building
is 20,000 square feet in size. The air-water Heating, Ventilation, and
Air Conditioning (HVAC) system consists of:

1. One 160-ton Chiller, model no. 19DG160, manufactured by the
Carrier Air Conditioning Company (Figure 1).

2. One boiler, model no. 309, manufactured by National (Figure 2).

3. Four air handler units (AHUs), with 20-, 20-, 15-, and 10-hp
electric motors, respectively (Figures 3 and 4).

The Thompson Laboratory has two methods of controlling the tempera-
ture requirements: (1) AHUs and a chiller during the hot weather from
May through September, and (2) AHUs and a boiler during the cold weather

*- from November through April.
The AHUs have to be operational year-round to circulate outside air

into the occupied building in accordance with ASHRAE standards. NWC,
before the installation of the SBEMCS, allowed NCEL to install an energy
data acquisition system (DAS) in FY82. Using the accumulated data, NCEL
was able to compare the usage before and after the installation of the
SBEMCS. The installation of the SBEMCS and the DAS was performed by
NCEL personnel. All of the specifications for the control strategies
were done by NWC.

SBefore the installation of the SBEMCS, the HVAC system was in
operation 24 hours a day. An energy profile of the AHUs prior to con-
servation action is shown in Figure 5. At the time these data were

* gathered, the average daily energy consumption by the AHUs was 700 kW-hr.
The first energy conservation effort at the Thompson Laboratory by NWC
consisted of changing the pulley ratio on the four AHUs electric motors.
The AHU's fan speed was decreased and consequently the AHU's energy
usage was reduced as shown in Figure 6. The air volume rate per unit of
time (cfm) decreased by 30% and the energy consumption by 43%. NWC was
careful to maintain the circulating air volume necessary to comply with
the requirements as stated in the ASHRAE standards.
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The second energy conservation effort at the Thompson Laboratory
consisted of the installation by NCEL personnel of a SBEMCS (an Andover
Controls AC256M master unit) (Figures 7 and 8). Details on the hardware
and software are given in the Appendix.

On January 28, 1983, the AC256M began controlling the four AHUs at
the Thompson Laboratory (Figure 9) with a simple program similar to the
one shown in the Appendix. Four sensors (Figure 10) were mounted in the
hallway of the laboratory to measure the temperature in the four differ-
ent zones of the building. An indoor/outdoor sensor (Figure 10) was
mounted outside the Thompson Laboratory behind air handler unit No. 1 to
monitor outside air temperature. Solid state relays (Figure 11) were
used to control the AHUs, chiller and boiler. Instead of the AHUs
running 24 hours a day, 365 days a year, they were allowed to run for
only 10 hours a day, and were shut off on weekends as well as holidays.
Four auxiliary switches were mounted in the hallway of the Thompson
Laboratory to control the four AHUs individually in the event personnel
wished to work overtime or on weekends. By depressing the momentary-on
switch the respective AHU will run for an additional hour. If you
depress the switch three times, the AHU will run for an additional 3
hours, etc.

The AHU's resultant energy usage was reduced further as shown in
Figure 12. Table 1 shows the energy savings accomplished by doing a
scheduled start/stop control on the AHU before and after replacing the
pulleys.

Table 1. Thompson Laboratory Electric
Consumption/Cost: Four Air
Handler Units

Average Percentage Annual
Action Usage Energy Saved Dollar Savings

(kW-hr/yr) (%) ($)

Original 255,500 a

(continuously
running)

After 150,380 43 10,965
fan pulley
change

After EMCS 49,640 80 20,400
and pulley
change

aOriginal cost was $25,500 annually

Energy conservation with the SBEMCS controlling the AHUs is limited
due to the air circulation requirements of the outside air. Another
control strategy that could be implemented is an economizer. An econo-

* mizer will work in conjunction with the AHUs and the outside air
dampers. Basically the AC256M will sense the inside and outside air

3



temperatures and determine if the cooling or heating requirement can be
satisfied with the outside air. The AC256M will send a control signal
to position the dampers fully open when the outside air is sufficient to
warm or cool the building. Using this strategy, the chiller or boiler
could stay off for longer periods of time when the weather conditions
are favorable, such as in the transition period between seasons when
mild temperatures occur.

BOILER CONTROL

In the past it was thought that cycling a boiler on and off would
have an adverse effect on the boiler's life expectancy. Recent informa-
tion obtained by boiler experts at NWC has determined that cycling the
boiler once a day would not affect in any way the operation of the
boiler. Samuel G. Dukelow, an instructor in boiler control for the
Instrument Society of America, has also emphasized that it does not
affect a boiler to be shut down periodically, and cites the fact that
many utility companies shut down their boilevs every day to save energy.
Mr. Dukelow's expertise is backed up by 38 years of experience with
Bailey Controls Company, a subsidiary of Babcock and Wilcox Company.

By April of 1983, the boiler at the Thompson Laboratory was under a
scheduled start/stop control strategy. The boiler is operated by pro-
pane gas (Figure 13). Table 2 compares the last 3 years of propane
usage. It can be observed that in the month of April, when the boiler
was under computer control, a lower amount of propane was used. This
was achieved in spite of the higher heating degree days as compared with
the previous 2 years.

Table 2. Thompson Laboratory
Heating Fuel Usage

Yer Heati ng Propane
Yer Degree Days Usage

(gallons)

1981 1341 2,0

1982 1715 1,0

1983 1707900

a Original pneumatic system
b With new pneumatic system
c After installing EMCS/last

2 months of heating season
(April and May)



CHILLER CONTROL

An energy profile of the chiller is shown in Figure 14. The
chiller was allowed to run 24 hours/day with the AHUs before the instal-
lation of the SBEMCS. The installed SBEMCS (AC256) controls the chiller
with an optimum start/stop control strategy. Running the chiller in an
optimum start/stop control strategy results in turning the chiller off
in the afternoon, and on early the next morning. When the chiller is
turned on early in the morning, additional work is necessary to cool the
water in the system. The chiller will load to a point close to its
maximum capacity in order to satisfy the higher cooling demand. At this
point the chiller at the Thompson Laboratory is drawing approximately
250 amps at 208 VAC. The chiller efficiency decreases as the overall
result of sudden chiller loading.

The AC256 can implement a soft-loading sequence for solving the
sudden demand created by the chiller. This is done by locating two load
limit switches on the chiller vanes. These switches tell the AC256 when
the chiller has been loaded to a specific level. The two settings
selected were at 160 amps and 210 amps. By reading the vane limit
switches, the AC256 can now tell how much the chiller is loaded. As
soon as the AC256 detects the first switch closure the chiller is using
about 160 amps. The vane stepper motor is disabled and the chiller is
forced by the AC256 to stay at that constant load for a programmable
amount of time. A similar condition occurs for the second limit (210
amps). In about 1-1/2 hours the "soft-loading" sequence is over and the
AC256 returns to the chiller the capability to load by itself. After
contacting several chiller manufacturers, it was determined that there
is no soft-loading system available on the market. A patent application
has been filed at NWC for the soft-loading system developed at the
Thompson Laboratory.

An energy profile of the chiller under an optimum start/stop con-
trol strategy and the newly developed soft-loading sequence is shown in
Figure 15. Original energy consumption and cost is compared in Table 3
to energy consumption and cost savings after installation of the SBEMCS.

Table 3. Thompson Laboratory Electrical

Consumption/Cost Chiller Unit

[Cost saving is approximately 80%]

Average Dollar
System Usage Solavig

(kW-hr/yr) Savng

Original 232,800 a

After Installing 46,400 14,100
EMCS

aOriginal cost was $17,600.

5



SYSTEM COST

Table 4 shows a summary of the system cost. A total of approxi-
mately $20,000 was expended for the acquisition and installation of the
entire system. At the Thompson Laboratory the pay-back period was
6 months. The pay-back period at this site was short because of the
tremendous energy savings accomplished. Single building controllers
cannot be applied everywhere. Ideally, they should be applied in build-
ings where there is only one shift and there is no critical equipment
conditioning requirements or the electronic equipment in the building
has a separate air conditioning system. The one working shift means
that, the HVAC system is active for less than 10 hours. Maximum energy
conservation exists when the HVAC system is shut-off completely.

Table 1. Thompson Laboratory Energy
Conservation Efforts Simple
Payback Period: 6 Months

Item Dollars ($)

Systems Costs
Hardware 9,750
Installation 10,200

Total 19,950

Dollar Savings
(annual) 38,300

CONCLUSIONS

Single building controllers make available to the user a wide range
of energy management strategies such as scheduling, optimum start/stop,
demand control, duty cycling, chiller/boiler optimization, enthalpy, and
lighting control. Characteristics of good single building controllers
are:

1. Distributed control - buy just the system your building needs.

2. Start with a few inputs and outputs and then expand.

3. Sophisticated computer power that is quick and simple to pro-
gram.

4. Units are easily set up and programmed by the user.

5. Modular design for proven reliability; easy to install, expand,
maintain, and service.

6. Remote communication with the unit over phone lines.

7. Units provide reports such as status, alarms, histories and

routi ne.

6



8. Direct digital control of temperature, humidity and air move-
ment.

A direct result of the successful application of the SBEMCS in the
Thompson Laboratory is the additional installation of SBEMCS throughout
the entire NWC at China Lake. With a total energy bill of 10 million
dollars a year, public works engineers are estimating savings of 30%
annually, 3 million dollars a year, using SBEMCS.

A few basic concepts have been illustrated with the Thompson Labo-
ratory effort:

(1) Determine existing conditions (metering and surveys)

(2) Determine actual needs (ASHRAE standards, Navy guidance)

(3) Repair inoperative equipment (Repairing duct work, dampers and
thermostat)

(4) Modify equipment to meet requirements (change AHU's pulleys to
provide minimum air recirculation)

(5) Select energy conservation strategies (scheduled start/stop
and chiller soft-loading)

(6) Install controller with cooperation of building occupants
(installations of AC256)

(7) Monitor operation to determine savings (metering)

REFERENCES

1. Naval Civil Engineering Laboratory. Contract Report CR 83.037:
Guidelines on the selection and implementation of single building EMCS.
Dayton, Ohio, Stan and Associates, Inc., Aug 1983.

2. Technical Note TN-1588: EMCS modules/intelligent
time _T7 GITC), by Dallas Shiroma. Port Hueneme, Calif., Sep 1980.
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start stop :,ol strategy for heating NCEL, by Ivan Sanchez. Port
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Figure 13. Gas meter used to measure propane usage of boiler.
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Figure 10. Indoor and outdoor temperature sensors.

Figure 11. Solid state relay used to control AHUs, chiller and
boiler.
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Appendix

DETAILS ON THE HARDWARE AND SOFTWARE OF THE AC256

HARDWARE CAPABILITIES

Thirty-two definable inputs for temperature, pressure, relative
humidity or contact closures sensing.

* Sixteen digital outputs (relay closures) to control chillers,
AHUs or boilers.

e Each master can control up to 16 slaves. Slaves consist only of
an I/O unit with no intelligence. The intelligence is only at
the master units.

s The maximum configuration network is a 16 x 16 matrix of masters
and slaves. A total of 8,192 inputs and 4,096 outputs.

* The AC256M uses the Motorola family of microprocessor called the
6800 which has been proven to be a very reliable system.

* A battery back-up is included to maintain the programs and the
time data for 3 hours during electrical power outages.

SOFTWARE CAPABILITIES

A very simple English control language is used. Each program area
0is analogous to a cylindrical drum with program lines and a pointer.

There is capacity for 320 drums. The user can program the machine to
suit his needs. There are no canned control programs. The manufacturer
provides an installation guide, if requested, that documents some con-
trol programs. With a minimum modification these were applied at the
evaluation site.

As an example of the machine flexibility one of the commands will
be discussed. The "ASSIGN" command is used to define the inputs and
outputs. Inputs and outputs will have a connection and a name assigned.

Command Format for the Outputs

ASSIGN OM,1-16 NAME

OM - is to define an output in master number M
1-16 - is the available outputs in one master
NAME - any eight characters

A-i
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To define the third output in a system with only one master, the
following command is used:

ASSIGN 01,3 CHILLER

Now relay number three in the output will be used to control the chiller
and can be referenced in the programs by the new name "CHILLER" (see
example in the end of the Appendix).

Examples for the Inputs

You identify the inputs in the same format, although there are 32
inputs. But instead of using the letter 0, you must pick one of four
letters, indicating the way you will be using the input:

V - to read as a voltage

T - to read it as a temperature (number of degrees fahrenheit)

0 - to read it digitally (on or off)

6 C - to read it as a counter (number of pulses sensed in the most
- - recent interval)

Examples

ASSIGN C1,1 KWPULSE

ASSIGN T1,2 EXT-TEMP

ASSIGN T1,3 INT-TEMP

* ASSIGN D1,4 OVERRIDE

In the second example: ASSIGN T1,2 EXT-TEMP, input 2 for master 1 is a
temperature sensor measuring external temperature.

This demonstrates the flexibility of the AC256 in which inputs and
outputs can be named and categorized in any order.

At the same time there is protection as well flexibility. The
AC256M has 3 levels of security. The higher the number the less the
restriction. Therefore, level 3 will let the operator use all the
AC256's features, even program in or delete personal passwords. Level 2
lets the operator analyze or change the AC256's operation, reprogram it,
or erase part or all of its memory. In level 1 the operator can find
out what the AC256 is doing but not affect the AC256's operation in any
way.

To demonstrate the simplicity in programming the AC256 an actual
program in use at the Thompson Laboratory will be shown. The example
that follows is currently being used to control the chiller.

0
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Drum -- 225 This is controlling the chiller during regular schedule.

B455 1983 Jun 24 Fri 19 22 54

LINE 1

1A OFF > CHILLER ; turn off chiller
1X Exit to line 3 if F4 ON ; rotate to line 3 if F4 is "ON"

F4 is a flag and is turned on
in another drum program when
time, temperatures and day of
week meets certain requirements

LINE 3

1A ON > CHLERPMP ; turn on chilled water pump
1X Exit to line 5 if TS > 30 ; rotate to line 5 after 30 seconds

LINE 5

1A ON > CHILLER ; enable the chiller "ON"
1 1X Exit to Line 10 if TS > 2 ; rotate to line 10 after 2 seconds

LINE 10

1A ON > CHSTART ; start the chiller with a 5 seconds
pulse

IX Exit to Line 15 if TS > 5 ; after 5 seconds go to line 15

LINE 15

1A OFF > CHSTART ; turn the pulse off
IX Exit to line 20 if F4 OFF ; stay here until F4 is off,

* than go line 20

LINE 20

1A OFF > CHILLER ; disable the chiller and turn off
IX Exit to line 25 if TM > 14 ; go to line 25 after 15 minutes

LINE 25

1A OFF > CHLERPMP ; turn the chilled water pump off
IX Exit to line 1 if ? ; go to line 1 immediately

; Emergency line
0

LINE E

IX Exit to line 1 if CL 0 ; to to line 1 if a power failure

0

A-3
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AFESC DEB (Stother). Tvndall AFB. FL; HQ, RDVA & RDVCW
USAF-AAC DEE, Elmendorf AFB, AK
ARMY BMDSC-RE (H. McClellan) Huntsville AL; Chief of Engineers DAEN-MPE-E Washington DC; Chief

of Engineers DAEN-MPO-U, Washington DC; FESA-EN, Fort Belvoir, VA
*ARMY - CERL Energy Systems, Champaign, IL; Library. Champaign IL

ARMY CORPS OF ENGINEERS DAEN-MPC-C (Wharry), Wash., DC; DAEN-MPE-E (Brake). Wash.. DC
DAEN-MPE-E (McCarthy). Wash.. DC; DAEN-MPO-U (Walton). Wash., DC; ORLCD-I (R Dockery)
Louisville, KY

ARMY DEPOT FAC ENGR, CODE SDSLE-SF, Letterkenny Army Dp, Chambersburg.
ARMY ENG DIV EUDED-TM (O'Malley).; HNDED-ME (Carlen). Huntsville, AL: HNDED-ME (DeShazo).

Huntsville. AL: HNDED-ME (Herden). Hunstville, AL: HNDED-ME (Holland). Huntsville, AL:
IINDED-ME (Wilcox), Huntsville, AL; HNDED-PM (Brown), Huntsville. AL; HNDED-PM (Ganus),
Huntsville. AL: MRDED-TM (Beranck), Omaha, NE: MRDED-TM (Jones). Omaha, NE: NADCO-CM
(Eng). New York, NY: NADEN-TM (Stuart). New York, NY: NPDEN TL (Wottlin), Portland. OR:

* ORDED-T, (Norman), Cincinnati, OH: PODED-T (Nakasone), Ft. Shafter, HI: SADCO-CC (Mindel),
Atlanta. GA: SADEN-TE (Smith), Atlanta. GA: SPDED-TG (Kishaba) San Francisco. CA; SWDED-M
(Powell). Dallas. TX

ARMY ENGR DIST. CO. Tulsa. OK; MRKED-DM (Rabuse). Kansas City. MO: MRKED-M (McCollum).
Kansas City, MO: MROCD-SM (Hall), Omaha, NE: MROCD-SM (O'Brien), Omaha, NE; MROED-DC
(Sawick). Omaha. NE: NABCO-S (Meisel), Baltimore, MD: NABEN-D (Kelly), Baltimore. MD;
NANCO-C (Spector), New York. NY: NANEN-DM (Kessenides). New York. NY: NAOEN-MA
(Daughcty). Norfolk, VA; NAOOP-C (Herndon), Norfolk. VA; NPSEN-DB (Eason), Seattle, WA;
ORLED-D (Pfeifer), Louisville. KY; SAMCO-SI (Rawls) Mobile. AL; SAMEN-C (Anderson). Mobile, AL;
SAMEN-CI (Tunnell). Mobile. AL; SASEN-DF (Plunkett), Savannah. GA: SASEN-MA (Grimes),
Savannah. GA: SCD-SB (Stone), Savannah, GA; SPKCO-C (Del Porto), Sacramento, CA; SPKCO-C
(Evans), Sacramento, CA: SPKED-M (Lowell), Sacramento, CA; SPKED-M (Stoner). Sacramento. CA;
SPLCO-CS (Molina), Los Angeles, CA; SWFCD-ST (Ready), Ft. Worth. TX; SWFCD-ST (Wood), Ft.
Worth. TX: SWFED-DM (Story), Ft. Worth, TX; SWFED-DM (Wike), Ft. Worth, TX

ADMINSUPU PWO, BAHRIAN
ASO CO (Code PWB-7), Philadelphia, PA
BUMED ('ode 3212, Washington DC
CINCLANTFLT Code N47, Norfolk, VA
CINCPACFLT Code 443, Energy Coord. Pearl Harbor, HI
CNAVRES Code 4732. New Orleans, LA

* (NET Code N-10B3).NAS Pensacola. FL
. (NM Code MAT-04, Washington. DC; Code MAT-O8E, Washington. DC
S(NCNO Code OP-413 Wash, DC; OP-098. Washington, DC

COMFLEACT, OKINAWA PWD - Engr Div, Sasebo, Japan; PWO, Sasebo, Japan
COMNAVDIST Energy Conserv., Washington DC
COMNAVLOGPAC Code 4318. Pearl Harbor, HI
DEFFUELSUPPCEN DFSC-OWE (Term Engrng) Alexandria, VA
DTNSRDC Code 401.4, Energy Conserv, Bethesda, MD
FLEASWTRACENPAC CO (Code N3C) San Diego, CA
FLTCOMBATDIRSSACT Code 40A. Virginia Beach. VA
KWAJALEIN MISRAN BMDSC-RKL-C
LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div)

*;! MARINE CORPS BASE FAC Engr, Camp H. M. Smith. HI
MARINE CORPS HOS Code LFF Washington DC
MCAS CO (Energy Conserv). Jacksonville, NC: PWD - Utilities Div. Iwakuni. Japan; PWO, Iwakuni, Japan
MCRD CG. San Diego, Ca
MCAS Code 3JA2. Yuma. AZ
NAF CO (Code 18), Midway. Is.; NAF/CO. Lajes. Azores
NAS ((ode 18E) Jacksonville, FL; CO (AOT). Whidbey Island, Wa: CO (Code 18.1). Bermuda; CO (Code

181(00) (O (Code 181(g), Cecil Field. FL; CO (Code 1810W), Chase Field, Beeville, Tx; CO (Code 18100),

~ ~ ~ ~ ",. .. *~... ,..,. - -- ...
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* Fallon. NV ('0 (('ode 1815). Corpus Christi. 'IX: (C) (Code 1824). Lakehurst. NJ: CO (Code 18211). Key
* Wes.t. FL: CO (Code 183U). Miramar, San Diego. (Cd: CC) ((ode 184). Moffett Field. CA: CC) (Code

189720((. Brunswick. ME: CO (Code 7~0). Glenview. IL: CO (Code 70). Marietta, GA: CO (Code 70). So.
Wesmiouth. MA: CO (Code 71), Willow Grove. PA: CO (Code 721). Belle ('hasse LA: Code 18010,(
Kingsville, TVX (Code 18A(X( Whiting Fid. Milton. FL: Code 18B13M. Lemoore. ('A: Code 1)0.Memphis
S~4. Millington. TN: Code 18E. Oceana. Virginia Beach. VA: ('ode 70,. Atlanta. Marietta GA: (Code 70A.
Dallas.iTX: PWD - Engr Div. Gtmo. Cuba: PWO Ke% West FL: PWO.. Moffett Field ('A: SC'E. Cuhi Point,
R.P: Weapons, 01Cr. Alameda. ('A

* NAIL BU'REAU OF STANDARDS Thermal Anal (ip. Wash. DC
NATFNAVMIEDCEN ('ode 43. Energ% Conserv (PWO) Bethesda, MD
NAVA'T ('0 (('ode A171P). London. UK
NAVA('TDET PWO. Holy Lock UK
NAVAIRDEVCEN CO (Code 8323). Warminister. PA: Chmielew-ski. Warminster. PA

* NAVAIRPROPTEST('EN ('0 (('ode PWV-3). Trenton Ni: CO. Trenton. NJ
* NAVAIRTIESTCEN PATUJXENT RIVER Code PW8LI., Patuxent River. MD

NAVAL HOME PWO. Gulfport, MIS
NAVAVIONI('FAC ('ode B 732
NAV('OASTSYS('EN CO (Code 352). Panama City. FL
NAV('OMMAREAMSTRSTA CO (Energy Co)nser%(. Naples. It.
NAN.\'('( )MNIA RFEAM\S-IRSl'\ ('ode 41. Norfolk. VA
N.NV('CMMS1'A (C) (('ode 20l) San Diego. ('A: CO (Code 4011). Nea Makri. Greece: ('0 )PWD). Exmouth,

Australia: CO. San Miguel. R.P.: Code 31. Stockton. ('A: PWD - Maimt Control Div.. Diego Garcia Is.:
PW( . Esniouth. Australia: SC'E. 'l'hurso. Scotland

NAN'C()MN II] CO ((ode 5(i). East Machias. ME
NAVC( NSI RACEN Curriculum Instr, Stds Offr. Gulfport NIS

4NAV'IE' OIC Fi ecrg~ '\onserv). Soud~a. Bay. ('rete
\.N\LDIlRACEN ('0. ('ode 44. Newport RI

* NAV[ IEXSYSCOM FLEX 10133 Washington. D('
NAVFAC AI'Wo. Pacific Beach. WA: (C) (('ode ((4) ('oos Head. C'harleston. Or: CO (Code ((5) Centerville

Beaich Fcrniadale. ('A: C'0 (('ode 30H)., Antigua: CO (Code 50(A). Brawdv Wales, UK: CO (Energy
('onr'.ic. Big Stir. ('A, MI & C) Officer Bermuda

N,VACFN6iCOM Alexandria. VA: ('ode ((3 Alexandria. VA: ('ode 031 (Essoglou) Alexandria. VA: Code ((4
Alesandria NA: ('ode 0)41'1 (Watkins), Alexandria. VA: ('ode ))4T7A (Sticklev'). Alexandria. VA:. ('ode 05.
Alexandria. VA: ('ode ((SIA Alexandria. VA: Code ((5DI (Bersson). Alexandi:,. VA: Code 08. Alexandria
VA.': (COdeC (() .Tch Lib. Alexandria. VA: (Code 11. Alexandria. VA; Code 11 12E, Alexandria. VA:
(ode H113. Ale sindria. VA: ('Code 111lB (Hanneman). Alexandria. VA: Code 4T2B, Alexandria. VA

NAVFAENGiCONI - ('lIES D)IV. ('ode (04. Wash. DC: ('ode 05. Wash, DC: Code 10/11. Washington, DC:
('otc I]-', Wash. D(C: library. Washingim. D.

NAVFACENCICOM -LANI' DIV ('ode ((4 Norfolk VA: Code 05. Norfolk. VA: Code 11. Norfolk, VA: Code
1112. Norfolk. VA. Lihrars'. Norfolk. VA: Norfolk. VA

NAVTAS.( 'LN( CO -(N NO R Ill lDIN' (C): Code ((4 Philadelphia, PA: ('ode )(4AL. Philadelphia PA: Code (05.
k 1 1-0'hila. PA: ('ode 11, Phila P'A: C ode IIl Philadelphia. PA: Code 4(05 Philadelphia. PA

NAN'FAC'N('INCOI -FPAC DIV ('ode ((4 Pearl Harbor [If: Code 05. Pearl Harbor. Ill: Code 11 Pearl Harbor
Ill:, ('ode III. Pear) Hlarbor. Ill. ('odc 40(2, RI&E. Pearl Harbor HI: Library. Pearl Harbor. HI

NAVF-AC ( ;( 'CON -( ((''ll HDIV~ C'odc ((-4. Charleston. SC': ('ode ((5. Charleston. SC': ('ode 11, C'harleston.
S(':.('ode 1112, Charleston. SC: ('otc 40i C'harleston, SC: Librar\. Charleston. SC

N.N'FAC'EO"N6C( (NI WFSI' DIV Code ((4. San Bruno. C'A: ('odfe ((5. San Bruno. ('A: ('ode 11 San Bruno.
4 ('': C 'ode 41)(5 San Bruno. C''N Librar%. San Bruno. ('A: RI)'&EIC) San Bruno. ('A: San Bruno. ('A

* ~~NAN'F.ONC' C'UN (ON'lRA("lIS Contracts. AROI'C'. Lenioore ('A: OI('(. Kings Bay. GA: ROI('( C'ode
49(5 Portsmnouth NA

NANIA '-L1E ()IC I Encrvs ( 'onser\. (.AX. Fl
NANI It SP APk P'( IC'ode 13). lcaulort SC': C'( )Long Beach. ('A: 'CO. Millington, TN: ('ode 3101. Portsmouth.

N'A. Co de 93. Portsnmouth. VA
N.NAC PWI)- Engr D~I%. C('1,a1n:.5(1:. Guamn

4 NANOBSY ('ode h7. Wkashington DC
NAN')( 'L.NSYS( EN C'ornmnander (( otfe 4111. San lDiego. C'A
NAN'( RIFAC ('0 (('ode 6h). Sasebo. Japan

NAN'ORDMNIS'l'Sl'1AC l'WI - Engr D~ir. White Sands. NMI
NAN'( RIS I A C 'ode ((931). Louis\. ile. KY: C 'ote ((92. Indian I lead. Nil): PWI) Dir. Engr Di\. Indian

H ead. MDl
NAN'ORISYS'C)MI Code SPI.-631

4 NAN'PCSCCFl ('ode 4311. Nlontcrey. ('A
NANPIIIBASE; PW() Norfolk. NA
NAVPI.AN'rREP Hercules Inc.. Miagna. (A"

NARFGiNIF)('FN CO (('ode AN(19) - ngr Di% Phila . PAKNAVR[ESREI[)( 'ON! Commander (C'ode ((72). San Francisco. 'A



N A\'S('()1.'EOFF ('35 Port Hlueneme. CA
NAVSCS( 'OL (C) ((ode 50), Athens, GA
N-%VSEASYSCOM PMS-396 33 Washington D)C
NAVSSE(CGRL'Al CI (C (ode 30I). Puerto Rico: CO (Code 40B), Edzell. Scotland; CO (Code N6),

Homestead. FL; CO )EnergN ('onsers). Sonoma. CA: CO (Energy Conserv.) Winter Harbor, ME; (ode 411.
('hesapeake. VA: PWD. ADAK. AK; PWO. Adak AK: PWO. Torni Sta. Okinawa

\ASE('GRUCONI Enerp~ ('onscrv.. Washington DC
NAVSE('SI'A Code i-10. Washington DC; PWD - Engr Div. Wash.. DC
NAS SFIPYD C'( (Code 4115); ('ode 402.4. Phildelphia PA; (Code 410. Mare Is.. Vallejo CA; Code 440.8.

Puget Sound. Bremerton. WA; Code 457 (Maint. Supr.) Mare Island. Vallejo CA: Commander ((Code 4006).
Potsmouth. Nil; PWD (C'ode 4WE.03). Charleston SC; PWD - Utilities Supt. Code 9013, Long Beach. CA;
PWC) Charleston Naval Shipyard. Charleston SC; PWO. Mare Is.; SCE. Pearl Harbor HIt

NA\SL'RFWkPN('EN ('ode W42 (R. Ponzetto). Dahlgren. VA
NAVSTIA (('ode 51(A) Rodman. Panama Canal; CO (Code 184101). Mayport. FL; CC) (Code 413). Girmo. Cuba;

S. CO) (Code 52). Brooklyn NY; CO (PWD(. Keflavik. Iceland; CO (PWD). Rota. Spain; Code ((13. San
* . Dieg'o. (A; Eneniv Conser\., ADAK. AK; Maint. Cont. Di%., Guantanamo BaN C'uba; SCE. Subic Bay.

R. P.
* NA\S'SL'BASE CO (('ode 8(03), Groton. ("Y; PW() Bangor. Bremerton, WA

NA\VSIPPA(il (Code PW7( Naples. Italy; CO (('ode 413). Seattle. WA; CO ((Code 81(, Mare Island. Vallejo.
(A;* CO (C'ode Ni52(. Ney. Orleans. LA; ('0. Naples. Italy; PWO Naples ltAlN

NAVSL'PPBASE ('0 (Fnerp~ ('onser\( Kings Bay. GiA
NAVSF'PPFAC CC) (Lnerg% ('onser\i Diego Garcia IL Code 02, 1'hurmont. MD

* N..'AVSI'PP) ('0 (..\WO(. L~a Maddalena. ltalv
NA',SCRFW\PNCLN (ode WO-5. IDahlgren VA
'NA'S'L~LCOMM.COM C'ode 4O5. Washington DC
NA'S'tS[AWARENGSTA CO (Code 0173E2). Keyport. WA

* NA'S WPNSCEN Commander (('ode 2t)35). China Lake. CA
NA'S'WPNSIA ('O ((ode (4N221)(. ('oncord. CA; 'C) (Energy Conserv( Y'orktown. VA; 'C) (Energy 'onser\).

* - Colts Neck. NJ; (OLIC (411. Seal Beach ('A
NAVWkPNSt'PP('EN (C) ((Code (4921). ('rane. IN
NC BC (C) (C'ode 80)(. Port Hlueneme. CA; (C) (Energy Conserv(. Davissillc. RI

* NOAA l ibrar\ Rock'ille. MD
NRL_ PWC') ('ode 25301 . Washing~ton, D)C
NS( C) (C'ode 40A) San Diego, C'A; (C) (('ode 70(A). Puget Sound. WA

* -SD CC) (Code 5,01E)
*NEC ('0 (Code N..'('5(F( Orlando. FL-

NL'SC D)17 (C) (Code 520(4(. Ne%%porf, RI; ('ode 520)2 (S. Schady( New& London. C"T
ON R CO) (Code 701)I Pasadena. C'A
P'AC(NISRANFA(C (ode 71)32. H[I Area. Kekaha. IIl
l'MIl( Commander (Code 62(MI-3L. Point Mugt.. C'A

P C (C) (Code IMFIL . San D)iego. ('A; 'C) ((Code I (XE3 (. Oakland. C\ ' C ' (('ode 153). Gjuam. (C) (('ode
i((). Pearl I Harbor. Ill; 'C) (Code (M). Pensacola. FL.; 'C) ('Code 61' San D~iego, ('A; 'C) Code l(M4E,
Oakland, CA. (COdIC (00'. Gireat Lakes. IL; ('ode 1(15. Oakland. C.A. ('ode 116. Yokosuka. JA: C'ode 101
41 ibrar'. . Oaikland. C'A; Code 15.4 (LIibrarv (. Cireat Lakes. IL; C'ode 61M(A Norfolk. VA; Code 61(1. San
ICIcO ('a. COdIC 610). SuiC Ba'. RP. ILihrar'. C ode 1 20C,. San D~iego, CA. LihrarN, G uam, Library. Norfolk.

V'A, l.ibrars. Pearl IHarbor. Ill; Iihrar%. Pensacola. FL:; Iibrars. Subic Ba%. R P Library. Yokosukai JA.
C O) N '%S Pcnsacola. FL; I'tilities Officer. Guam

SP'C ( odc 7t.3. NlechainicshUrg. PA
SI'PANX PWkO. Wkilliamsburg VSA
S( PSIIIP *'SIMIN( . Sain Francisco. C A; Code i)l

'SAF AFR( 1, ( R I Walton). Dallas. I X. AFRCF' FR (Burns). Atlanta. OA.' .AFRCF'7 M-X (Stesensl. Norton
A.'S C 'A. AtFR( I7 A R I o~' .San Francisco. C'A

I 'SAF I- I )11 IIi ([ S Mgr i. Ramstcin AFB. Germans
L SNA C ode 17'(O. Annapolis. 4*1l)
ARIZONAX Kroclinecr lempe. A/

* ( 'lI MSON I 'NI' Col Arch . Eg~an. Clemson. SC
F R.'NKI IN INS IIl Ill IMN Padusis. Philadelphia PA
IoWAA SI'SII' ('\I'S'IRSI [V lDept Arch. McKroiwn. Ames. IA
I AV.RI NCI IIRK LAB \kilosm & Lighting 'riig Berkele'.. cA
I OS ALAMO S SCI I ABi Solar I'nerp (Op, losI Alamios, NM,
\111 Ca.mbridge MA (Rm l((.SlX. tech Reports. Lngr I ib t

( )AK RIDI) I NAHl I Ali I Lund%, O ak Ridge. IN
0 I NIS'F RSI IN' OF FI ()RII)A D~ept Arch .Miorgan. GiainsN ille. Fl.

t 'NI'S'F RSI IN' OF N .' F IAMPSFIIRL [Icc E~ngr IDcpot. D~r Murdoch. D~urhani. N II
I 'NI'S'IRSI IN" OF WASIIINOIlON Insti fur Fnwi Studies
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INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of

the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of

Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and

type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later

reference).
If you want to change what you are presently receiving:

- l)clete mark off numlbr on I)ottorn of label.

* Add circle number on list.

* Remove mv name from all vour lists - check box on list.

* Change my address - line out incorrect line and writc in correction (ATTACH MAILING LABEL).

* Number ot copies should be entercd ti ftCr the title of the su)JCCt catcgorlis \ on selcct
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGOR IES 28 ENERGY/POWER GENERATION
29 Thermal conservation Ithermall engineering of buildings, HVAC

I SHORE FACILITIES systems, energy lost measurement, power generation)
2 Construction methods and mnaterials lincluding corrosion 30 Controls arnd electricai conservation (eiectical systems,

conltrol, coatings) energy monitoring and control systems)
3 Waterfront structures (mantenance/deteroration control) 31 Fuel flexibility (liquid fuel, coal uilization, energy
4 Utilties including power condition~ngl from solid waste)
S E-rtsosv~es safety 32 Alternate energy source (geothermal power. photovoltaic
6 Construction eqluipment and machinery power systems, solar systems, wind systems, energy storage
7 Fire prevention and control systems)
8 Arntenna technology 33 Site data and systems integration (energy resource data. energy
9 Struc'al analysis and design (including numerical and consumption data. integrating energy systems)

computer technnquesl 34 ENVIRONMENTAL PROTECTION
tO Protecfive construction Isncluding hardened shelters. 35 Solid waste management

shock and vibration studies) 36 Hazardous/toxic materials management
11 Soil/rock mechanics 37 Wastewater management and sanitary engineering
13 BEG 38 O01 pollution removal and recovery
14 Airfields and pavements 39 Air pollution
15 ADVANCED BASE AND AMPHIBIOUS FACILITIES 40 Noinse abatement
16 Base facilities (including shelters, power generainonr water supplies) 44 OCEAN ENGINEERING
17 Expedient roads/arrfields/bridges 45 Seafloor soils and foundations
18 Amphibious operations lincludng breakwaters, wiave forces) 46 Seafloor construction systems and operations (including
19 Over the Beach operations Including container iat-on. divner and maninpulator tools)

mater el transfer lighterage andj cran-sJ 47 Undersea structures and materials
20 OL storage transfer and distribution 48 Anchors and moorings

24PLA NGI[NERING;4 Undersea power systems, electromnechanical cables
2SaeaAdacdBase and Amphnbous Faclinles, and connectors

exet-eocold ego l,,~et 0Pressure vessel facilities
51Physical environment lincluding site surveying)

5? Ocean based concrete structures
6;3 Hyperbaric chambers

54 Undersea cable dynamics
TYPES OF DXWLMFNrTS

85 Telchdata Sheerti 86i Technical Reports anid Tirchnincai Note% 82 NCEL Guide & Updates r 1 None-

83 Table of Contents & Index to TI)S 91 Msvl Security remove my namse
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